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(54) Electric steering motor with one piece metal shell 



(57^ A steering assemlDly (10) for turning steerable 
wheels of a vehicle in response to rotation of a steering 
wheel (12) includes a pinion (30). A steering member 
(14) is movable axially to effect turning movement of the 
steerable wheels of the vehida The steenng member 
(14) has a rack portion (34) for engagement with the 
pinion (30) and an externally threaded screw portion 
(38). An electric motor (50) includes a rotor (132) driv- 
ingly connected to the steering member (14) and a sta* 
tor (70). The stator (70) when energized effects 
movement of the rotor (132) and. thereby, rotation of the 
steering member (14). An electronic control unit (210) 



for helping to control operation of the electric motor (50) 
comprises at least one heat-^eneraling component, 
(220). A one-piece cast metal member (60) made of a 
homogeneous material has a main txxly portk>n (66) 
encapsiiating and supporting the stator (70) and has an 
electronic control unit housing portion (102). The elec- 
tronic control unit housing portion (102) of the one-piece 
metal member (60) includes a platform (94). The heat- 
generating component (220) is fastened to the platform 
(94) in a thermally conductive relationship 
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Description 

Background of the Invention 
Technical Field 

[0001] The present invention relates to a vehicle 
power assist steering system. In particular, the present 
invention relates to an electric power assist steering 
system which includes an electric assist nxTtor for 
applying force to a steering member, such as a rack 

Description of the Prior Art 

[0002] A known type of vehicle power assist steering 
system includes a ball nut tor transmitting force between 
a steering member and an electric assist motor. The 
steering system also includes an electronic control unit, 
or ECU tor controlling operation of the electric motor. 
Upon actuation of the electric motor, the ball nut is 
driven to rotate relative to the steering member. The 
rotational force of the bail nut is transmitted to the steer- 
ing member to drive the steering member axiaily. Axial 
movement of the steering member effects turning move- 
ment of the steerable wheels of the vehicle. 
[0003] The housing of the assist motor is typically 
machined from steel. The process of machining the 
housing is difficult and costly 

Summary of the invention 

[0004] The present invention is a steering assembly 
for turning steerable wheels of a vehicle in resportse to 
rotation of a steering wheel of the vehicle. The steering 
assembly comprises a pinion and a steering member 
wNch is movable axially to effect tuming movement of 
the steerable wheels of the vehicle. The steering mem- 
ber has a rack portion for engagement with the pinion 
and an externally threaded screw portion. 
[0005] The steering assembly Includes an electric 
motor comprising a rotor drivingly connected to the 
steering member and a stator. the stator when ener- 
gized effecting rotation of the rotor and. thereby, move- 
ment of the steering member. An electronic control unit 
for helping to control operation of tiie electric motor 
comprises at least one heat-generating component. 
[0006] A one-piece cast metal member made of a 
homogeneous material has a main body portion encap- 
sulating and supporting the stator and has an electronic 
control unit housing portion. The electronic control unit 
housing portion of the one*piece metal member 
includes a platform. The at least one heat-generating 
component is fastened to the platform in a thermally 
conductive relationship. 

Brief Description of the Drawings 

[0007] The foregoing and other features of the present 



invention will become apparent fo one skilled in the art 
to which the present invention relates upon considera- 
tion of the following desaiption of the invention with ref- 
erence to the accompanying drawings, wherein: 

5 

Rg. 1 is a view, partially in section, of a steering 
system in accotdanoe with the present invention; 
Rg. 2 is an enlarged view of a portion of the steer- 
ing system of Rg. 1 ; 

10 Rg. 3 is a sectional view of a motor stator which 
forms part of the steering system of Rg. 1 ; 
Rg. 4 is a view similar to Rg. 3 of tiie nx>tor stator 
molded with a motor tube; and 
Rg. 5 is a sectional view of the stator and motor 

IS tube of FiQ, 4, taken along line 5-5 of Rg. 4. 

Description of a Preferred Embodiment 

IP008] The present Invention relates to a power assist 

20 Steering system. In particular, the present invention 
relates to an electric power assist steering system 
which includes an electric assist motor for applying 
force to a steering member, such as a rack. As repre- 
sentative of the present invention, Rg. 1 illustrates a 

25 power assist steering system 10. 

(0009] The steering system 1 0 includes a driver-oper- 
ated steering wheel 1 2 operatively connected to a steer- 
ing member 14. The steering member 14 is coupled 
with the steerable wheels (not shown) of a vehicle 

30 through tie rods 16. The steering member 14 exterxis 
along an axis 20 of the steering system 10. 
[001 0] The vehicle steering wheel 1 2 is connected for 
rotation with an input shaft 26 which extends into a pin- 
ion housing 28. The input shaft 26 is mechanically cou- 

35 pled tjy a torsion t>ar 32, in a i<nown manner, to a pinion 
gear 30 located in the pinfon housing 28. 
(001 1 ] The steering member 1 4 includes a first portion 
34 having rack teeth 36 disposed thereon and a second 
portion 38 having an external screw thread convolution 

40 40 axially spaced from the rack teeth. TTie rack teeth 36 
on the steering m&vber 14 are in meshing engagement 
with gear teeth (not shown) on the pinion gear 30. 
[0012] The steering system 10 includes an electric 
assist motor 50. described below in detail, drivably con- 

45 nected to a ball nut assembly 52 for effecting axial 
movement of tiie steering member 14 upon rotation of 
the vehicle steering wheel 12. In the event of inability of 
the nrxDtor 50 to effect axial movement of the steering 
member 14, the mechanical connection between the 

so gear teeth on the pinion gear 30 and the rack teeth 36 
on the steering member 14 can effect manual steering 
of the vehicle. 

[0013] The motor 50 includes a motor housing 60 
which houses the other components of the nxstor. The 
55 motor housing 60 and the pinion housing 28, together, 
form a housing of the steering assembly 10. 
[0014] The nrx3tor housing 60 is a metal member which 
is cast as one piece. A preferred material for the motor 
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housing 60 is aluminum or an aluminum alloy. The 
motor housing 60 is cast as one homogeneous piece of 
metal. 

[0015] The nxstor housing 60 has a first axial portion 
62 which is disposed adjacent to the pinion housing 28 s 
and the pinion 30. A plurality of mounting tx>lt5 64 
secure the first axial portion 62 of the motor housing 60 
to the pinion housing. 

[001 6] A second axial portion 66 of the motor housing 
60 encases a stator 70 of the motor 50. Tfie second io 
axial portion 66 of the motor housing 60 has a generally 
cylindrical configuration centered on the axis 20. 
[001 7] The stator 70 includes a metal core 72 (Figs. 2- 
3) formed of a plurality of stacked laminations which are 
laser welded together to form the core. The core 72 as is 
thus formed has a plurality of axially extending ribs 74 
(Fig. 5). The ribs 74 have cylindrical ffiner surfaces 76 
which partially define a generally cylindrical inner sur- 
face 78 of the stator 70. The n*bs 74 define a series of 
slots 80 in the stator 70. The stator 70 also includes a 20 
series of stator windings 82 disposed in the slots 80 in 
the core 72. The windings 82 fbrm magnetic poles of the 
motor 50. 

[0018] To form the motor housing 60, the stator core 
72 alone, without the stator windings 82, is placed in a 
suitable nrxsld (not shown) and molten aluminum is 
poured into the mold. The molten aluminum flows 
around and encases the stator core 72 and the stator 
windings 82. The nrxsiten aluminum cools and solidifies 
to form the motor housing 60. 

[0019] A portion of the motor housing 60 extends 
around the outer periphery of the stator core 72 to form 
an axially extending side wall 84 of the nrxstor housing 
60. The material of the side wall 84 fits intimately around 
the radially outer edges of the stacked laminations of 
the stator core 72. A portion of the casting mold (not 
shown) prevents the nnolten metal from flowing onto the 
inner surfaces 76 of the rik^ 74 during formation of the 
motor housing 60. 

[0020] The stator windings 82 are placed or wound 
onto the stator core 72 after the motor housing 60 has 
been cast The stator windings 82 are spaced apart 
from, and do not touch, the motor housing 60. The sta- 
tor windings 82 have leads 85 (Figs. 2 and 4) for con- 
nection with motor actuation circuitry of the vehide. 
Inner portions 86 of the leads 85 are disposed radially 
inward of the second axial portion 66 of the motor hous- 
ing 60. End portions 88 of the leads 85 exterxi out of the 
second axial portion 66 of the motor housing 60, 
through an opening 90, for connection with the vehide 
electric circuitry. 

[0021 ] An exterior part of the second axial portion 66 
of the motor housing 60 is formed as an electronic con- 
trol unit ("ECU") housing portion 92 of the motor hous- 
ing. The ECU housing portion 92 includes a platform 94 
(Figs. 1-4). The platform 94 is a portion of the motor 
housing 60 adapted to support one or more heat-gener- 
ating components of an ECU in a thermally conductive 



(heat sink) relationship. 

[0022] The platform 94 suk^tends an arc of about 90 
degrees about the axis 20. The platform 94 has a planar 
outer side surface 96. The outer side surface 96 
extends perpendicular to a diameter of the motor 50. 
[0023] The platform 94 is engageable t>y a cover 100 
(Rgs. 3 and 4) fbr endosing the ECU. The platform 94 
and the cover 100 together form an ECU housing 1 02 of 
the motor 50. The opening 90 (Fig, 2) extends through 
the outer side surface 96 of the platform 94. The erxi 
portions 88 of the stator leads 85 project from the plat- 
form 94 through the opening 90. 
[0024] An end cap 1 1 0 is fastened to the right end (as 
viewed in Rg. 1) of the motor housing 60. A metal insert 
1 14 is press fitted in the end cap 1 10. The metal insert 
114 (Rg. 2) has a cylindrical bearing surface 116 cen- 
tered on the axis 20. An internal spanner nut thread 118 
is formed on the metal insert 114 at a location axially 
outward of the bearing surface 1 16. An outboard hous- 
ing 192 closes the right end (as viewed in Fig. 1) of the 
nrxjtor 50. 

[0025] A rotor assembly 120 is disposed radially 
inward of the stator 70. The rotor assembly 120 indudes 
a tubular, cylindrical rotor shaft 122 having a cylindrical 
central passage or opening 1 24. The rotor shaft 1 22 has 
a main txxly portion 126 and a thin-walled right end por- 
tion 128. A rotor 132 is press fit on the outside of the 
rotor sfiaft 122. The motor 50 also includes a motor 
position sensor irxlicated schematically at 130 (Rg. 1). 
The motor position sensor 130 indudes a position sen- 
sor rotor 136 press fit on the left enti (as viewed in Rg. 
1) of the rotor shaft 122. 

[0026] The ball nut assembly 52 (Figs. 1-3) includes a 
ball nut 140 which is press fit inside the right end portion 
1^ of the rotor shaft 122. The ball nut 140 has an inter- 
nal screw thread convolution 144. A first t}earing 146 is 
press fit onto the t^all nut 140. 

[0027] During the process of assemt^ling the motor 50, 
the stator windings 82 are placed or wound on the stator 
core 72 after the motor housing 60 is cast around the 
stator core. The rotor shaft 122 and the other parts 
which are rotatat}le with it. induding the rotor 132, the 
bail nut 140, the first bearing 146, and the motor posi- 
tion sensor rotor 136, are slipped into the assembly of 
the motor housing 60 and the stator 70. The outer race 
of the first bearing 146 engages the cylindrical bearing 
surface 116 on the metal insert 114 in a radial force- 
transmitting relationship. The motor housing 60 and the 
first bearing 146 thus support the right hand end of the 
rotor assembly 120 fbr rotation relative to the stator 70. 
At this point in the manufadure of the steering assembly 
10. the first bearing 146 is not supported axially in the 
motor housing 60. 

[0028] The opposite end (the left end as viewed in Rg. 
1) of the rotor assembly 120 is supported by the pinion 
housing 28 as follows. The pinion housing 28 includes a 
cast metal main body portion 160 (Fig. 1) which 
receives the pinion gear 30 and through which the rack 
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portion 34 of the steering merrtber 14 extends. The 
main body portion 160 of the pinion housing 28 has an 
extension portion 162 for connection with the motor 
housing 60. 

[0029] A second bearing 170 is pressed into the 
extension portion 162 of the pinion housing 28. The 
second bearing 170 is supported both radially and axi- 
ally in the main body portion 160 of the pinion housing 
28. 

[0030] A motor position sensor stator 174 (Fig. 2) is 
secured to the pinion housing 28 outward of the second 
bearing 170. The motor position sensor stator 174 
cooperates with the motor po^on sensor rotor 136, in 
a krx>wn manner, to help control operation of the motor 
50. 

[0031] The assembly of the pinion liousing 28 and its 
attached parts is fastened to the nrtotor assembly includ- 
ing the stator 70, the rotor 1 32, and the ball nut 1 42. The 
pinion housing 28 is fastened directly to the motor hous- 
ing 60. The nxjunting bolts 64 secure the pinion housing 
28 to the motor housing 60. 

[0032] A spanner nut 184 is then screwed into the 
spanner nut thread 118 on the metal insert 114 in the 
end cap. The spanner nut 184 is tightened down axiaily 
agatr^ the outer race of the first bearing 146. The 
engagement between the spanner nut 184 arxj the 
outer race of the first bearing 146 places an axial load 
on the first bearing. The axial load on the first bearing 
148 is transmitted through the inner race of the first 
bearing to the ball nut 140. The first bearing 146 biases 
the ball nut 140 axiaily in a direction toward the second 
bearing 1 70. 

[0033] The axial load on the ball nut 1 40 is transmitted 
into the rotor shaft 122. The axial load on the rotor shaft 
122 is transmitted into the second bearing 170. The 
axial load on the secorxi bearing 170 is transmitted to 
the extension portion 162 of the pinion housing 28. The 
second bearing 1 70 supports the left end of the rotor 
assembly 120 for rotation relative to the stator 70. The 
rotor assembly 120. at this point in the manufacture of 
the steering assembly 1 0. can now be turned relative to 
the stator 70. 

[0034] The steering member 14 is inserted into the 
central opening 124 of the rotor shaft 126 of the nxitor 
50. The ball nut assembly 52 extends around the screw 
portion 38 of the steering member 14. The ball nut 
assembly 52 includes a plurality of force-transmitting 
members in the form of balls 200 disposed beNveen the 
internal thread 144 on the ball nut 140 and the external 
thread 40 on the screw portion 38 of the steering mem- 
ber 1 4. The balls 200 are loaded into the ball nut assem- 
bly 52 in a known manner. The ball nut 140 includes a 
recirculation passage (not shown) for redrculating the 
balls 200 upon axial movement of the steering member 
1 4 relative to the ball nut 

[0035] A torque sensor indicated schematically at 1 80 
in Fig. 1 is located in the pinion housing 28. The torque 
sensor 180 is operative to sense relative movement 



between the input shaft 26 and the pinion gear 30. to 
help control operation of the motor 50, in a known man- 
ner. 

10036] An ECU (electronic control unit) 210 is tas- 
5 tened to the platform 94 on the second axial portion 66 
of the motor housing 60. The end portions 88 of the sta- 
tor leads 84 are electrically connected with the ECU 
210. 

[00371 The ECU 21 0(Rgs. 3 and 4) Includes a printed 
10 circuit board 212 on which are mounted a plurality of 
electrical components (not shown in detail) such as 
those Illustrated schematically at 214. The printed cir- 
cuit board 21 2 is supported on the platform 94 in a post- 
ton spaced apart firom and electrically insulated from 
IS the outer side surface 96 and the other parts of the plat- 
fbrm. 

[0038] The ECU 210 also includes a power module 
220. The power module 220 (shown only partially in Fig. 
2) includes a plurality of switches in the form of power 
20 transistors, irxiicated schematically at 222 in Rg. 3. The 
power transistors may be, for example. MOSFET semi- 
conductors. 

[0039] The power module 220 is mounted directly on 
the outer side surface 96 of the platfbrm 94, below the 

25 printed circuit tx>ard 212. The power module 220 is 
spaced apart from the printed drcuit board 212. The 
power module 220 has a planar outer side surface 224 
(Fig. 3} in abutting engagement with the planar outer 
side surface 96 of the platfbrm 94. The.power module 

90 220 is thus in good thermal contact with the platform 94. 
A plurality of teeners 226 such as screws extend 
through a nrK>unting flange 228 of the power nxxzlule 220 
and secure the power nxxlule to the platform 94. 
[0040] A connector calDle 230 connects the ECU 210 

35 with the torque sensor 180 and the motor position sen- 
sor 134. U0on rotation of the vehicle steering wheel 12 
by the driver of the vehicle, the vehicle electric circuitry, 
including the ECU 210 arxl the torque sensor 180, 
determines whether the motor 50 should be operated to 

40 provide steering assist to move the steering member 
14. If the motor 50 is operated, the rotor 132 is caused 
to rotate about the axis 20 relative to the stator 70. The 
rotor shaft 122 and the ball nut 140 rotate with the rotor 
132. The balls 200 transmit the rotational force of the 

45 ball nut 140 to the screw portion 38 of the steering 
member 14. Because tiie ball nut 140 is fixed in position 
axiaily, the steering member 1 4 is driven to move Eucially 
In response, effecting steering movement of the steera- 
ble wheels of the vehicle as desired. 

so [0041] When the motor 50 is operated, the power 
modiie 220 generates a large amount of heat. The 
abutting engagement of tiie power module 220 witin tiie 
platform 94 enafc^les heat to be transferred directiy from 
the power module 220 into the dense metal material of 

55 the platfbrm. Because the platform 94 is cast as one 
piece with the other parts of the motor housing 60, the 
platform and the motor housing, as a whole, act as a 
heat sink for the power module 220. As a result tiie 
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power module 220 can run cooter. and no separate heat 
sink need be provided for the power module. 
[0042] The material of the cast side wall 84 of the 
motor housing 60 f fts intimately around the stacked lam- 
inations of the stator core 72, A machined metal motor s 
housing for this application nvjst have a tolerance of 
about plus or minus 0.001 inches, in order to achieve a 
secure press fit on the stator core. This is difficult to 
achieve with a machined metal motor housing, because 
the stack of laminations does not have a smooth outer io 
surface but instead has a tolerance of about three to 
four thousandths of an inch. Also, the stack of iamina- 
tions of the stator core 72 is about seven inches long, 
which makes machining a cylindrical inner surface, as 
part of a blind bore, difficult and expensive. is 
[0043] From the above desaiptk)n of the invention, 
those skilled in the art will perceive improvements, 
changes and modifications in the invention. Such 
Improvements, changes and modifications within the 
skill of the art are intended to be covered by the 20 
appended daims. 

[0044] According to its broadest aspect the invention 
relates to a steering assembly for turning steerable 
wheels of a vehicle In response to rotation of a steering 
wheel of the vehicle, said steering assenrtsly compris- 25 
ing: a pinion; a steering member which is movable axi- 
ally to effect turning movement of the steerable wheels 
of the vehicle, said steering member having a rack por- 
tion for engagement with sakJ piruon and an externally 
threaded screw portion; and an electric motor compris- 30 
ing a rotor drivingly connected to sakJ steering member 
and a stator, said stator when energized effecting rota- 
tion of sad rotor and, thereby, movement of said steer- 
ing member. 

[0045] It should be noted that the Objects and advan- ss 
tages of the invention may be attained by means of any 
compatitsle combination(s) particularly pointed out in 
the items of the following summary of the invention and 
the appended claim& 

40 

SUMMARY O F THE iNVENTTON 
[0046] 

1 . A steering assembly for turning steerable wheels 4S 
of a vehicle in response to rotation of a steering 
wheel of the vehicle, said steernng assembly com- 
prising: 

a pinion; so 
a steering member which is nx^vable axially to 
effect turning movement of the steerable 
wheels of the vehicle, said steering member 
having a rack portion for engagement with said 
pinion and an externally threaded screw por- 55 
tion; 

an electric motor comprising a rotor drivingly 
connected to said steering member and a sta* 



tor, sakl stator when energized effecting rota* 
tion of said rotor and, thereby, movement of 

said steering member; 

an electronic control unit for helping to control 
operation of said electric motor, saki electronic 
control unit including at least one heat-generat- 
ing component; and 

a one-piece cast metal member made of a 
homogeneous material having a main body 
portion encapsulating and supporting said sta- 
tor and having an electronic control unit hous- 
ing portion; 

said electronic control unit housing portion of 
said one-piece metal member irx;luding a plat- 
form, said at least one heat-generating compo- 
nent being fastened to said platfbrm in a 
thermally conductive relationship. 

2. A steering assemt)ly 

wherein said platfbrm has an outer side surface 
which extends generally perpendicular to a diame- 
ter of saM motor. 

3. A steering assembly 

wherein said one-piece metal mender is made 
from aluminum. 

4. A steering assembly 

wherein sakJ at least one heat-generating compo- 
nent comprises at least one power transistor. 

5. A steering assembly 

wherein said at least one heat-generating compo- 
nent comprises a power nrxxlule. 

6. A steering assemt)ly 

wherein said power module has a planar surface in 
abutting engagement with a planar surface of said 
platform. 

7. A steering assemt3ly 

wherein said stator has wire leads for electrically 
connecting said stator to said electronic control 
unit, said wire leads projecting through an opening 
in said metal member for connection with the elec- 
tronic control unit 

8. A steering assembly 

further comprising a ball nut extending around said 
screw portion of said steering member arKl having 
an internal thread, and a plurality of balls disposed 
between saki internal thread on said l>all nut and 
said external thread on saki steering member for 
transmitting force between said t^ll nut and said 
screw portion of said steering member; 

said steering assemt3ly further comprising an 
end cap secured to sakI one-piece metal mem- 
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ber. said end cap having portions supporting 
said ball nut for rotation with said rotor relative 
to said one-piece metal member. 

9. A steering assembly 

wherein said one-piece metal member is an alumi- 
num casting. 



Claims 

Having described the invention, we claim: 

1 . A steering assembly for turning steerable wheels of 
a vehicle in response to rotation of a steering wheel 
of the vehlde, said steering assembly comprising! 



10. A steering assembly 

wherein said stator comprises a core arKi a series io 
of wirxiings on said core, said stator having a cylin- 
drical rotor space at least partially defined by said 
stator core, said rotor being cfisposed in said rotor 
space, said rotor having an axially extending central 
passage, said steering member extending through is 
said central passage in said rotor. 

1 1 . A steering assembly 

further comprising a cov^ connectable with said 
one-piece metal member and cooperating with said 20 
one-piece metal member to enclose said electronic 
control unit 

12. A steering assembly for turning steerable 
wheels of a vehicle in response to rotation of a 25 
steering wheel of the vehicle, said steering assem- 
bly comprising: 

a pinion; 

a steering member which is movable axialiy to 30 
effect turning movement of the steerable 
wheels of the vehicle, said steering member 
having a rack portion for engagement with said 
pinion and an externally threaded screw por- 
tion; 35 
an electric motor comprising a rotor drivingly 
connected to said steering member and a sta- 
tor, said stator when energized effecting rota- 
tion of said rotor and, thereby, movement of 
said steering member; 40 
an'elecfaxmic control unit for helping to control 
operation of said electric motor, said electronic 
control unit irKluding at least one heat-generat- 
ing component; and 

a one-piece cast metal member made of a 45 
homogeneous material having a main body 
portion ertcapsulating and supporting said sta- 
tor and having an electronic control unit hous- 
ing portion: 

said electronic control unit housing portion of $0 
said one-piece metal member having a first 
planar sur^ce. said at least one heat-generat- 
ing component having a second planar surface 
in a thermally conductive relationship with said 
first planar surface. ss 



a pinion; 

a steering member which is movable axially to 
effect turning movement of the steerable 
wheels of the vehicle, said steering member 
having a rad< portion for engagement with said 
pinion and an extemally threaded screw por- 
tion; 

an electric motor comprising a rotor drivingly 
connected to said steering member and a sta- 
tor, said stator when energized effecting rota- 
tion of said rotor and, thereby, movement of 
said steering member; 

an electronic control unit for helping to control 
operation of said electric motor, said electronic 
control unit Including at least one heat-generat- 
ing component; and 

a one-piece cast metal nr>ember made of a 
homogeneous material having a main body 
portion encapsulating and supporting said sta- 
tor and having an electronic control unit hous- 
ing portion; 

said electronic control unit housing portion of 
said one-piece metal member including a plat- 
form, said at least one heat-generating compo- 
nent being fastened to said p^tform in a 
thermally conductive relationship. 

2. A steering assembly as set forth In daim 1 wherein 
said platform has an outer side surface which 
extends generally perpendicular to a diameter of 
said motor. 

3. A steering assembly as set forth in daim 1 wherdn 
said one-piece metal member is made from alumi- 
num. 

4. A steering assembly as set forth in daim 1 wherein 
said at least one heat-generating component com- 
prises at least one power transistor. 

5. A steering assembly as set forth in daim 1 wherein 
said at least one heat-generating component com- 
prises a power module. 

6. A steering assemt^ as set forth in daim 5 wherein 
said power module has a planar surface in abutting 
engagemerrt witii a planar surface of said platform. 

7. A steering assembly as set forth in daim 1 wherein 
said stator has wire leads for electrically connecting 
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said stator to said electronic control unit, said wire 
leads projecting through an opening in said metal 
member for connection with the electronic control 
unit. 

5 

8. A steering assembly as set forth in any of the pre- 
ceding claims further comprising a baW nut Mend- 
ing around said screw portion of said steering 
member arxJ having an internal thread, and a plu- 
rality of balls disposed between said internal thread io 
on said ball nut arxi said external thread on said 
steering member for transmitting force between 
said ball nut and said screw portion of said steering 
member; 

IS 

said steering assembly further comprising an 
end cap secured to said one-piece metal mem- 
ber, said end cap having portions supporting 
said ball nut for rotation with said rotor relative 
to said one-piece metal member, 20 

and/or wherein preferably said one-piece metal 
member is an aluminum casting, 

and/or wherein preferably said stator com- 2s 
prises a core and a series of windings on said 
core, said stator having a cylindrical rotor 
space at least partially defined by said stator 
core, said rotor Iseing disposed in said rotor 
space, said rotor having an axially exterxiing 30 
central passage, said steering member extend- 
ing through said central passage in said rotor. 

and/or further preferably comprising a cover 
cormectable with said one-piece metal member 35 
and cooperating with said one-piece m^al 
member to enclose said electronic control unit 

9. A steering assembly for turning steerable wheels of 

a vehicle in response to rotation of a steering wheel 40 
of the vehicle, said steering assembly conpri^g: 

a pinion: 

a steering member which is nKvatjIe axially to 
effect turning movement of the steerable 45 
wheels of the vehicle, said steering member 
having a rack portion for engagement with said 
pinion and an externally threaded screw por- 
tion; 

an electric nrxrtor comprising a rotor drivingly so 
connected to said steering member and a sta- 
tor, said stator when energized effecting rota- 
tion of said rotor and. thereby movement of 
said steering member; 

an electronic control unit for helping to control 55 
operation of said electric motor, said electronic 
control unit irx;luding at least one heat-generat- 
ing component: and 



a one-piece cast metal member made of a 
homogeneous material having a main txxfy 
portion encapsulating and supporting said sta- 
tor and having an electronic control unit hous- 
ing portion; 

said electronic control unit housing portion of 
said one-piece metal member having a first 
planar surface, said at least one heat-generat- 
ing component having a second planar surface 
in a thermally conductive relationship witti said 
first planar surfetce. 

1 0. A steering assemt)ly for turning steerable wheels of 
a vehicle in response to rotation of a steering wheel 
of the vehicle, sakj steering assembly comprising: 

a pinion; 

a steering menrt>er which is movable axially to 
effect tuming movement of the steerable 
wheels of the vehicle, said steering member 
having a rack portion for engagement with said 
pinion and an externally threaded screw por- 
tion; and 

an electric motor comprising a rotor drivingly 
connected to said steering member and a sta- 
tor, said stator when energized effecting rota- 
tion of said rotor and, thereby, movement of 
said steering member: 
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